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(57) ABSTRACT 

A semiconductor package having a structure in which heat 
produced in the interior of the package is effectively spread to 
the outside of the package is provided. The semiconductor 
package includes one or more semiconductor chips, one or 
more substrates (PCBs) having the semiconductor chips 
respectively attached thereto, a plurality of conductive balls 
Such as a plurality of Solder balls to provide Voltages and 
signals to the one or more semiconductor chips, and a heat 
sink positioned to spread heat produced in the interior of the 
package to the outside and directly connected to at least one of 
the plurality of solder balls. 

18 Claims, 4 Drawing Sheets 
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FIG. (PRIOR ART) 

FIG. 2 (PRIOR ART) 
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US 8,786,067 B2 
1. 

SEMCONDUCTOR PACKAGE HAVING 
IMPROVED HEAT SPREADING 

PERFORMANCE 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

This application is a continuation application and claims 
priority from U.S. patent application Ser. No. 1 1/934,635, 
filed on Nov. 2, 2007 now U.S. Pat. No. 7,973,400, which 
claims the benefit of Korean Patent Application No. 10-2006 
0113408, filed on Nov. 16, 2006, in the Korean Intellectual 
Property Office, the disclosure of each of which is incorpo 
rated herein by reference. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to a semiconductor package, 

and more particularly, to a semiconductor package capable of 
effectively radiating heat produced in the interior thereof. 

2. Description of the Related Art 
As semiconductor packages having semiconductor chips 

mounted therein are highly integrated and operated at high 
speeds, their operation speeds have been greatly increased 
and their sizes have been reduced. This leads to higher tem 
peratures in the packages, especially for multi chip packages 
(MCPS), which contain two or more chips in one package. 
High temperatures in the interior of a package can cause stress 
on the chips mounted in the package and often result in 
malfunctions. The operation speed of the chips is also 
reduced by high temperatures. Particularly, the refresh char 
acteristics of DRAM semiconductor chip are degraded with 
high temperatures in the packages. 

FIG. 1 shows the heat spreading path in a typical semicon 
ductor package. The semiconductor package is illustrated as 
an example of a 1-chip 1-package having one semiconductor 
chip. 
As shown in this figure, the typical semiconductor package 

10 includes a semiconductor chip 11, a printed circuit board 
(PCB) 12, at least one solder ball 14 electrically connecting 
the semiconductor chip 11 to the PCB 12, and at least one 
solder ball 15 electrically connecting the semiconductor 
package 10 to the outside. The semiconductor package 10 is 
connected to a circuit board through the solder ball 15 to 
receive power and signals, which are required in the semicon 
ductor chip 11, from the outside. 
The arrows in this figure indicate heat spreading paths. The 

Solid arrows indicate the paths along which heat spreads 
through air, and the dotted arrows indicate the paths along 
which heat is conducted through materials inside the semi 
conductor package to the outside. 
As shown in this figure, heat is spread to the outside 

through both the air and the material inside the semiconductor 
package. Although heat produced in a semiconductor pack 
age is generally conducted through a board and effectively 
spread to the outside, only a small amount of heat is spread 
through the top of the package. 
A conventional method of helping spread heat more effi 

ciently is to attach a heat sink to the top Surface of the semi 
conductor package in order to reduce the temperature inside 
the semiconductor package. FIG. 2 is a sectional view of a 
semiconductor package with a heat sink attached to the top 
Surface of the semiconductor package. 
As shown in FIG. 2, the semiconductor package 20 may 

include one or more semiconductor chips 22 and 23, Sub 
strates 24 and 25 each having a semiconductor chip stacked 
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2 
thereon, and one or more solder balls 27. A molding member 
26 may beformed on the semiconductor package 20 to protect 
the semiconductor chips stacked inside the. A heat sink 21 
may be further attached to the top of the package to radiate 
heat produced in the package. 

However, multi-chip semiconductor packages such as dual 
stack packages (DSPs) or quad Stack packages (QSPs) pro 
duce a great amount of heat, but there is a limit to the amount 
of heat that can be radiated. Further, there is a problem in that 
internal chips of a multi-chip package may reach different 
temperatures, which may affect the reliability of the internal 
chips and the package as a whole. 

SUMMARY 

Embodiments of the present invention provide a semicon 
ductor package having a structure that can effectively spread 
heat produced in the interior of the package. 

According to an embodiment of the present invention a 
semiconductor package includes one or more semiconductor 
chips arranged in a stack structure, one or more Substrates 
(PCBs) having the semiconductor chips respectively attached 
thereto, a plurality of solder balls providing Voltages and 
signals to the one or more semiconductor chips, and a heat 
sink positioned to spread heat produced in the interior of the 
package to the outside and connected directly to at least one of 
the plurality of solder balls. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention will become more apparent by describing in detail 
exemplary embodiments thereof with reference to the 
attached drawings in which: 

FIG. 1 shows the heat spreading path in a typical semicon 
ductor package; 

FIG. 2 is a sectional view of a conventional semiconductor 
package with a heat sink attached to a top thereof. 

FIG. 3 is a sectional view showing a structure of a semi 
conductor package according to an embodiment of the 
present invention; 

FIG. 4A is a sectional view of the semiconductor package 
taken along linea-a' of FIG. 3; 

FIG. 4B is a plan view showing an insulating layer and a 
substrate illustrated in FIG. 3; 

FIG. 5 is a sectional view of a semiconductor package 
according to an embodiment of the present invention; 

FIG. 6 is a sectional view showing a semiconductor pack 
age provided with a quad Stack package (QSP) structure 
according to an embodiment of the present invention; and 

FIG. 7 is a sectional view of a semiconductor package 
according to an embodiment of the present invention. 

DETAILED DESCRIPTION 

The present invention will now be described more fully 
hereinafter with reference to the accompanying drawings, in 
which exemplary embodiments of the invention are shown. 
Like numbers refer to like elements throughout the specifi 
cation. 

FIG. 3 is a sectional view of a semiconductor package 
according to an embodiment of the present invention. As 
shown in this figure, the semiconductor package 100 may 
include one or more semiconductor chips 111 and 112, one or 
more substrates (PCBs) 121 and 122, and a plurality of solder 
balls 131, 132, and 133. 
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In the semiconductor package 100 according to an embodi 
ment of the present invention, one or more semiconductor 
chips may be arranged in a stack structure. As an example, 
semiconductor packages provided with a multi-chip struc 
ture, such as a dual stack package (DSP) and a quad Stack 
package (QSP), may be applied. The semiconductor package 
shown in FIG. 3 includes two stacked semiconductor chips 
111 and 112, as an example of a multi-chip package. 

Each of the semiconductor chips may be attached to a 
Substrate having a circuit pattern formed therein. As an 
example, the first semiconductor chip 111 is attached to the 
first substrate 121, and the second semiconductor chip 112 is 
attached to the second substrate 122. 

Meanwhile, the plurality of solder balls 131, 132, and 133 
are attached to the one or more substrates 121 and 122 to 
provide Voltages and signals to the semiconductor chips 111 
and 112. As an example, the solder balls 131 may be attached 
to the top surface of the first substrate 121, the solder balls 132 
may be attached to the top surface of the second substrate 122, 
and the solder balls 133 may be attached to the bottom surface 
of the second substrate 122. 
The semiconductor package 100 is connected to a main 

board (not shown) through the solder balls 133, and signals 
and power provided from the main board are transmitted to 
the respective semiconductor chips 111 and 112 through the 
substrates 121 and 122 having circuit patterns formed therein 
and the plurality of solder balls 131, 132, and 133. 

Meanwhile, the semiconductor package 100 according to 
an embodiment of the present invention may further include a 
heat sink 140 for radiating heat produced in the package. The 
heat sink 140 is connected directly to at least one of the 
plurality of solder balls 131, 132, and 133. As an example, the 
heat sink 140 is connected directly to at least one of the 
plurality of solder balls 131 attached to the top surface of the 
first substrate 121. 
A solder ball for transmitting a power voltage VDD or 

ground voltage VSS to the semiconductor chips 111 and 112 
is connected to the heat sink 140. Since the transmission path 
of the power voltage VDD or ground voltage VSS is con 
nected through the respective semiconductor chips 111 and 
112 and the substrates 121 and 122, the heat sink 140 can be 
connected directly to the respective semiconductor chips 111 
and 112 and the substrates 121 and 122. Accordingly, heat can 
be effectively spread. If the heat sink 140 is connected to a 
solder ball for providing a power voltage VDD, the power 
voltage VDD is exposed to the outside through the heat sink 
140, which may cause problems. Thus, it may be preferable 
for the heat sink 140 to be connected to a solder ball providing 
a ground voltage VSS. 
As the heat sink 140 is connected directly to at least one 

solder ball 131, particularly to a solder ball for providing a 
ground voltage VSS, the heat sink 140 forms a current path to 
the solder ball connected directly to the heat sink 140. That is, 
a current flows through the solder ball and the heat sink 140, 
so that all heat generated by this current can be spread directly 
to the outside through the heat sink 140. 

Meanwhile, unlike the conventional package having a 
molding unit formed on the top thereof, the semiconductor 
package 100 according to an embodiment of the present 
invention may further include an insulating layer 150 posi 
tioned above the semiconductor chips 111 and 112 and the 
substrates 121 and 122 in order to protect a circuit in the 
package. More specifically, the insulating layer 150 may be 
attached between the solder balls 131 on the top surface of the 
first substrate 121 and the heat sink 140. 

In order to allow the heat sink 140 to be connected directly 
to the solder balls 131 as described above, at least one hole is 
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4 
formed in the insulating layer 150. The hole is aligned with 
the solder ball for providing a ground Voltage on the top of the 
first substrate 121. Although a solder ball for providing a 
ground voltage among the plurality of solder balls 131 is 
connected directly to the heatsink 140 as shown in this figure, 
the direct connection of the other solder balls to the heat sink 
140 may be blocked by the insulating layer 150. 

FIG. 4A is a section view of the semiconductor package 
taken along line a-a' of FIG. 3, and FIG. 4B is a plan view 
showing an insulating layer and a Substrate illustrated in FIG. 
3. 
The sectional view with a shape shown in FIG. 4A may be 

conceived by Vertically cutting the semiconductor package in 
the direction a-a" and then rotating it by 90 degrees. As shown 
in FIG. 4A, the first and second semiconductor chips 111 and 
112 are attached respectively to the first and second substrates 
121 and 122. The solder balls 131 may be attached to the top 
surface of the first substrate 121, the solder balls 132 may be 
attached to the top surface of the second substrate 122, and the 
solder balls 133 may be attached to the bottom surface of the 
second substrate 122. 
The solder balls for providing a ground voltage VSS may 

be electrically connected to one another through circuit pat 
terns formed in the substrates 121 and 122. Similarly, the 
solder balls for providing a power voltage VDD may be 
electrically connected to one another through circuit patterns 
formed in the substrates 121 and 122. The heat sink 140 is 
positioned on the top of the semiconductor package, and 
connected directly to the solder balls for providing a ground 
voltage VSS, which are attached to the top surface of the first 
substrate 121. 

Meanwhile, the insulating layer 150 is positioned between 
the heat sink 140 and the solder balls 131 attached to the top 
surface of the first substrate 121. One or more holes are 
formed in the insulating layer 150, and are respectively 
aligned with one or more of the solder balls 131 providing a 
ground voltage VSS. The heat sink 140 is connected directly 
to the solder ball providing a ground voltage VSS through the 
hole. Accordingly, a current path is formed through the semi 
conductor chips 111 and 112, the substrates 121 and 122, and 
the heat sink 140. 

FIG. 4B is a plan view showing the insulating layer 150 and 
the first substrate 121. As shown in this figure, one or more 
holes are formed in the insulating layer 150. The first semi 
conductor chip 111 is attached to one surface of the first 
substrate 121, and one or more solder balls 131 are attached to 
the top surface of the first substrate 121. One or more of the 
plurality of solder balls 131 may provide a ground voltage 
VSS, and the one or more holes may be respectively aligned 
with the one or more solder balls providing the ground volt 
age VSS. 

FIG. 5 is a sectional view of a semiconductor package 
according to an embodiment of the present invention. The 
semiconductor package 200 may include one or more semi 
conductor chips 211 and 212 arranged in a stack structure, 
and respectively mounted on one or more Substrates 221 and 
222. Further, the semiconductor package 200 may further 
include one or more solder balls 231, 232, and 233 for pro 
viding Voltages and signals from the outside to the semicon 
ductor chips 211 and 212, a heat sink 240 for radiating heat 
produced in the package to the outside, and an insulating layer 
250 positioned between the heat sink 240 and the solder balls 
231 attached to the top surface of the first substrate 221. 

In this embodiment, unlike an insulating layer having at 
least one hole, the insulating layer 250 has a conductive layer 
251 aligned with at least one of the plurality of the solder balls 
231. Preferably, the conductive layer 251 is aligned with a 
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solder ball providing a voltage (VDD or VSS) attached to the 
top surface of the first substrate 221. As described above, it is 
preferred that the conductive layer 251 is aligned with one or 
more solder balls providing a ground voltage VSS. 

According to the configuration described above, the heat 
sink 240 is electrically connected to the one or more solder 
balls providing a ground voltage VSS. The heat sink 240 is 
electrically connected to the semiconductor chips and the 
substrates through the conductive layer 251. Heat produced 
by a current is spread through the heat sink 240. Accordingly, 
heat produced in the package can be much more effectively 
spread to the outside compared with a structure in which a 
heat sink is connected to the top of a molding material. 

FIG. 6 is a sectional view of a semiconductor package 
having a quad stack package (QSP) structure according to an 
embodiment of the present invention. As shown in this figure, 
the semiconductor package 300 provided with a QSP struc 
ture includes four semiconductor chips 311 to 314, respec 
tively mounted on four substrates 321 to 324. 
A plurality of solder balls 331 to 335 for transmitting 

signals and Voltages are attached respectively to top surfaces 
of the respective substrates 321 to 324 (except for solder balls 
335, which are formed on the lower surface of substrate 324), 
and a heat sink340 for radiating heat produced in the package 
is positioned above the first substrate 321. An insulating layer 
350 is positioned between the solder balls 331 attached to the 
top surface of the first substrate 321 and the heat sink 340. 
One or more holes may be formed in the insulating layer 350 
to allow the heat sink 340 to be connected directly to the 
solder balls 331. Preferably, the hole may be aligned with at 
least one solder ball transmitting a ground voltage, among the 
plurality of solder balls 331. 

Meanwhile, although not shown in this figure, the insulat 
ing layer 350 may include a conductive layer formed in at 
least one position so as to allow the solder ball 331 and the 
heat sink 340 to be electrically connected to each other 
through a conductive material. In the case of the configuration 
described above, the insulating layer 350 may be coated on 
the top of the package during the manufacturing the semicon 
ductor package and the heat sink may be attached in a later 
process. An additional heat sink may be attached to the top 
surface of the insulating layer 350, as well. 

FIG. 7 is a sectional view of a semiconductor package 
according to an embodiment of the present invention. As an 
example, the semiconductor package 400 includes two semi 
conductor chips 411 and 412, respectively mounted on two 
substrates 421 and 422. The two substrates 421 and 422 may 
have substantially the same structure. However, in other 
embodiments, additional semiconductor chips and Substrates 
may be included in the package. 

At least one via is formed in each of the substrates 421 and 
422. Particularly, the via is aligned with a solder ball provid 
ing a ground Voltage, among a plurality of Solder balls 431, 
432 and 433 providing signals and Voltages to the semicon 
ductor chips 411 and 412. 

Meanwhile, a heat sink 440 is attached to the top of the 
package, and an insulating layer 450 is attached between the 
heat sink 440 and the solder balls 431 on the top surface of the 
Substrate 421 stacked in an upper portion of the package. The 
insulating layer 450 may have conductive layers 451 aligned 
with the one or more solder balls providing a ground Voltage 
VSS and the one or more vias. Further, holes may be formed 
instead of the conductive layers 451 as described above, so 
that the heat sink 440 can be connected directly to the solder 
balls. According to the configuration described above, heat 
produced in the semiconductor package can be effectively 
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6 
spread to the outside, and the temperature difference between 
semiconductor chips can be reduced. 
As described above, since a semiconductor package 

according to the present invention has a structure in which a 
heat sink, a semiconductor chip, and a Substrate are electri 
cally connected to one another, there is an advantage in that 
heat produced in the semiconductor package can be effec 
tively spread. 

While the present invention has been particularly shown 
and described with reference to exemplary embodiments 
thereof, it will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein without departing from the spirit and scope of the 
present invention as defined by the following claims. 
What is claimed is: 
1. A semiconductor package, comprising: 
a plurality of semiconductor chips arranged in a stack 

structure, the plurality of semiconductor chips including 
an upper-most semiconductor chip of the semiconductor 
package; 

a plurality of Substrates having the semiconductor chips 
respectively attached thereto, each Substrate having one 
or more Vias, the plurality of Substrates including an 
upper-most Substrate of the semiconductor package; 

a plurality of solder balls arranged to provide Voltages and 
signals to the plurality of semiconductor chips: 

a heat sink positioned to spread heat produced in the inte 
rior of the package to the outside, the heat sink con 
nected to at least a first solder ball of the plurality of 
Solder balls and positioned above the upper-most semi 
conductor chip of the semiconductor package, wherein 
the heat sink is the only heat sink in the semiconductor 
package; and 

an insulating layer positioned between the upper-most Sub 
strate and the heat sink, 

wherein a first via in the upper-most substrate is vertically 
aligned with the first solder ball, at least a second via in 
a second, lower Substrate, and at least a second solder 
ball disposed between and connecting the first via and 
second via, and is connected with the first solder ball and 
the second solder ball, and wherein the insulating layer 
includes a first hole or a first conductive layer which is 
vertically aligned with the first solder ball, the first via, 
second solder ball, and second via, whereby vertical 
alignment corresponds to a location of the first solder 
ball with respect to the first via, and the first solder ball, 
the first via, the second solder ball, and the second via are 
electrically connected to the heat sink through the first 
hole or the first conductive layer such that the first solder 
ball is disposed to pass heat from a second chip corre 
sponding to the second Substrate to the heat sink. 

2. The semiconductor package of claim 1, wherein the first 
solder ball provides a ground Voltage to the semiconductor 
chip. 

3. The semiconductor package of claim 1, wherein a plu 
rality of solder balls are attached to each of the one or more 
Substrates. 

4. The semiconductor package of claim 3, wherein the 
insulating layer has at least the first hole through which the 
first solder ball directly connects to the heat sink. 

5. The semiconductor package of claim 4, wherein the first 
hole is aligned with the first solder ball providing a ground 
Voltage to the semiconductor chip and the first via corre 
sponding to the first solder ball. 

6. The semiconductor package of claim 1, wherein each of 
the one or more vias is disposed through a corresponding 
substrate. 



US 8,786,067 B2 
7 

7. The semiconductor package of claim 1, wherein: 
the insulating layer is directly attached to the heat sink, and 

includes the first hole, through which the first solder ball 
directly connects to the heat sink. 

8. The semiconductor package of claim 1, wherein the heat 
sink is directly connected to at least a third solder ball of the 
plurality of solder balls, and wherein a third via of the one or 
more vias is vertically aligned with the third solder ball and is 
connected with the third solder ball. 

9. A semiconductor package, comprising: 
a plurality of semiconductor chips arranged in a stack 

structure; 
a plurality of substrates having the semiconductor chips 

respectively attached thereto, each substrate having one 
or more Vias, the plurality of substrates including an 
upper-most substrate of the semiconductor package; 

a plurality of solder balls arranged to provide voltages and 
signals to the plurality of semiconductor chips; 

a heat sink positioned to spread heat produced in the inte 
rior of the package to the outside, the heat sink con 
nected to at least a first solder ball of the plurality of 
Solder balls and positioned above the upper-most semi 
conductor chip of the semiconductor package; and 

an insulating layer positioned between the upper-most sub 
strate and the heat sink, 

wherein a first via in the upper-most substrate extends 
along a line in a vertical direction from a bottom of the 
upper-most substrate toward a top of the upper-most 
substrate, and the first solder ball is disposed along the 
line, at least a second via is disposed in a second, lower 
Substrate, and a second solder ball is disposed between 
and connects the first via and the second via, both the 
Second via and second solder ball also extending along 
the line, and wherein the insulating layer includes a first 
hole or a first conductive layer which is vertically 
aligned with the first solder ball, the first via, the second 
solder ball, and the second via, and the first solder ball, 
and the first via, the second solder ball, and the second 
via are electrically connected to the heat sink through the 
first hole or the first conductive layer; and 

wherein the heat sing comprises a single heat sink, wherein 
the heat sink is the only heat sink positioned to dissipate 
heat generated by the first semiconductor chip through at 
least the first via and first solder ball, and to dissipate 
heat generated by the second semiconductor chip 
through at least the second via, second solder ball, first 
via, and the first solder ball. 

10. The semiconductor package of claim 9, wherein the 
first solder ball provides a ground voltage to the semiconduc 
tor chip. 

11. The semiconductor package of claim 9, wherein each of 
the one or more Vias is disposed through a corresponding 
Substrate. 

12. The semiconductor package of claim 9, wherein: 
the insulating layer is directly attached to the heat sink, 

wherein the insulating layer includes the first hole 
through which the first solder ball directly connects to 
the heat sink. 
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13. The semiconductor package of claim 9, wherein the 

heat sink is directly connected to at least a third solder ball of 
the plurality of solder balls, and wherein a third via of the one 
or more Vias extends along a second line in a vertical direction 
from a bottom of the upper-most substrate toward a top of the 
upper-most substrate, and the second solder ball is disposed 
along the line. 

14. The semiconductor package of claim 9, wherein a 
plurality of solder balls are attached to each of the one or more 
Substrates. 

15. The semiconductor package of claim 14, wherein the 
insulating layer has at least the first hole through which the 
first solder ball directly connects to the heat sink. 

16. The semiconductor package of claim 15, wherein the 
first hole is aligned with the first solder ball providing a 
ground Voltage to the semiconductor chip and the first via 
corresponding to the first solder ball. 

17. The semiconductor package of claim 1, wherein the 
first via and the first solder ball each are each disposed 
between outer edges of at least a first semiconductor chip of 
the one or more semiconductor chips, when viewed from a 
cross-sectional view. 

18. A semiconductor package, comprising: 
a plurality of semiconductor chips arranged in a stack 

structure; 
a plurality of substrates having the semiconductor chips 

respectively attached thereto, each substrate having one 
or more vias, wherein the plurality of semiconductor 
chins include a top-most semiconductor chip of the 
package and a bottom-most semiconductor chip of the 
package; 

a plurality of solder balls arranged to provide voltages and 
signals to the plurality of semiconductor chips; and 

a heat sink positioned to spread heat produced in the inte 
rior of the package to the outside, the heat sink con 
nected to at least a first solder ball of the plurality of 
solder balls, 

wherein a first via of the one or more vias is vertically 
aligned with the first solder ball and is connected with 
the first solder ball to be electrically connected to the 
heat sink through the first solder ball, whereby vertical 
alignment corresponds to a location of the first solder 
ball with respect to the first via, 

wherein the first solder ball and first via are positioned to 
pass heat generated by each of the plurality of semicon 
ductor chips to the heat sink, 

wherein no heat sinks are disposed between the top-most 
semiconductor chip and the bottom-most semiconduc 
tor chip, the semiconductor package further comprising 
an insulating layer positioned between an upper-posi 
tioned substrate and the heat sink, wherein the insulating 
layer includes a first hole or a first conductive layer 
which is vertically aligned with the first solder ball and 
the first via, and the first solder ball and the first via are 
electrically connected to the heat sink through the first 
hole or the first conductive layer. 
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